Enteritis necroticans is a segmental necrotizing infection of the jejunum and ileum caused by Clostridium perfringens, Type C. The disease occurs sporadically in parts of Asia, Africa, and the South Pacific, where it primarily affects children with severe protein malnutrition. The disease is extremely rare in developed countries, where it has been seen primarily in diabetics. Two cases have previously been reported in the United States, one in a child with poorly controlled Type 1 diabetes. A 66-yearold woman with a 12-year history of Type 2 diabetes mellitus developed severe abdominal pain and bloody diarrhea after eating a meal of turkey sausage. She died unattended at home. An autopsy showed peritonitis and segmental necrosis of the jejunum and ileum. Microscopic examination showed Gram-positive club-shaped bacilli consistent with Clostridia coating a necrotic mucosa. Products of cpa and cpb genes of C. perfringens, Type C were identified in the necrotic jejunum by polymerase chain reaction amplification.
Enteritis necroticans is a life-threatening infectious disease caused by Clostridium perfringens, Type C, a ␤ toxin-producing strain of clostridia. The disease, which is characterized by segmental necrosis of the proximal jejunum, is associated with a high mortality rate if not diagnosed early and treated with antibiotics or, if advanced, with antibiotics and surgical excision of necrotic bowel. It was first reported in Northern Germany after World War II among previously starved children and adults who ate large meals of meats and vegetables. At that time, the disease was called Darmbrand, meaning "burnt bowels" (1, 2) . Because of the unique heat resistance of the spores, the causative organism was initially identified as C. perfringens, Type F (3), which was later found to be identical to C. perfringens, Type C (4). This disease was prevalent between 1944 and 1948, but as the nutritional status of the population improved, the condition disappeared in Europe (2) .
In 1963, Murrell and Roth (5) reported a similar disease in 17 patients from the Highlands of Papua New Guinea. The patients were mostly male children and young adults, ranging in age from 2 to 36 years, who presented with severe abdominal pain after ceremonial feasting on huge quantities of sweet potatoes and inadequately cooked pork contaminated with pig intestines. C. perfringens was isolated from the meat and from the stools of seven patients. C. perfringens, Type C was isolated from resected jejunal segments of affected patients, establishing the organism as the causative agent. This disease was called "pigbel," a pidgin English term for abdominal pain after a pig feast (6, 7) .
Epidemiological studies indicated that this disease accounted for 10% of all deaths and for 50% of deaths in children between 6 and 10 years of age in the highlands of Papua New Guinea (8, 9) . A marked reduction in mortality and morbidity was obtained by treating the affected patients with Type C antiserum (10) . When the children of New Guinea were vaccinated with a ␤ toxoid, an 8-fold decrease in annual incidence of the disease was achieved (8) .
Only a few cases have been identified in developed countries (11) (12) (13) (14) (15) . In the United States, a case of enteritis necroticans was recently reported in a 12-year-old boy in Georgia with poorly controlled diabetes who ate pig intestines (chitterlings). The patient recovered completely after resection of the necrotic segment of bowel (15) . We report a fatal case in the southeastern United States of enteritis necroticans caused by C. perfringens, Type C, in an adult with Type 2 diabetes mellitus.
ter Emergency Room, where she was pronounced dead upon arrival. Four days before, during an automobile trip home to Mississippi from Chicago, she had bought 3 lb of turkey sausage locally processed in Illinois. Approximately 65 hours before she died, she had eaten breakfast at home with her husband and daughter. Boiled turkey sausage, along with some toast, egg, and corn meal were consumed. Fifteen hours later, she complained of abdominal pain and diarrhea and took Imodium. The diarrhea became bloody within 6 hours after the onset of abdominal pain. She continued to have diarrhea when last seen alive but did not seek medical attention. Her husband also complained of one or two loose stools that resolved spontaneously. Her daughter complained of stomach discomfort but had no other symptoms. The patient had a 12-year history of Type 2 diabetes mellitus and long-term hypertension. She monitored her own blood glucose on a daily basis. She was only slightly overweight, and her diabetes was considered to be adequately controlled.
An autopsy was performed. The abdomen was distended. Approximately 400 mL of straw-colored fluid was noted in the peritoneal cavity. The bowel loops from the jejunum to cecum were moderately dilated. The serosa of segments of small bowel was dusky red and coated with a yellow-green serosal exudate but showed no perforation. The jejunum and proximal ileum revealed segmental mucosal and transmural necrosis with pseudomembranes attached to the necrotic mucosa (Fig. 1) . The terminal ileum showed segmental mucosal necrosis without pseudomembranes. Gaseous cysts of pneumatosis intestinalis were present focally in the jejunum. The serosa showed a thin layer of acute inflammatory exudate. Other significant findings included severe atherosclerotic coronary artery dis- ease with significant narrowing of the left anterior descending artery and left ventricular hypertrophy. The superior mesenteric artery and its branches showed no significant atherosclerosis.
Microscopic examination of the jejunum and ileum revealed transmural necrosis with hemorrhage and pneumatosis (Fig. 2) and acute fibrinous peritonitis. Gram-stained sections showed numerous large, club-shaped, Gram-positive rods attached to a necrotic mucosa (Fig. 3) . The morphology of these organisms was consistent with Clostridium species. DNA extracted from formalin-fixed jejunal tissue was amplified by polymerase chain reaction (PCR), using primers specific for cpa and cpb genes of C. perfringens, Type C (16, 17) . The final reactions were electrophoresed on 1.5% agarose gel and stained with ethidium bromide. The presence of cpa and cpb gene products in the PCR reactions confirmed the presence of C. perfringens, Type C (Fig. 4) . DNA from the bowel tissue of a patient who died of an unrelated condition was used as a negative control. Microscopically, the kidneys demonstrated an advanced diabetic nephropathy, with severe microvascular disease. The pancreas showed hyalinization of the islets of Langerhans, hyaline thickening of the walls of the interlobular arteries of the pancreas, and moderate atherosclerosis of the splenic artery.
Portions of the sausage that had been consumed by the patient before her illness and that had been stored at Ϫ20°C was obtained from the family and cultured for clostridial organisms. The cultures were negative.
DISCUSSION
C. perfringens, a Gram-positive bacillus, can be classified into four subtypes on the basis of four major toxins produced by the organisms. Type A organisms produce ␣ toxin; Type B, ␣, ␤, and toxins; Type C, ␣ and ␤ toxins; and Type D, ␣ and toxins. Type A organisms cause gas gangrene and are a major cause of food poisoning throughout the world. Type C organisms cause enteritis necroticans. Although Type C is widely distributed in the soil and in the stools of animals and man (4, 13), enteritis necroticans is mainly confined to areas of the world in which there is severe protein malnutrition. Types B and D are not known to cause disease in humans. The gene for the ␣ toxin is chromosomal and encodes a phospholipase that hydrolyses the membrane phospholipid of erythrocytes, endothelial cells, and muscle cells. The ␤ toxin of C. perfringens, Type C, is carried on a plasmid and encodes a highly trypsin-sensitive protein that causes intestinal necrosis (4). The genes for the ␣ and ␤ toxins of C. perfringens, Type C, are designated cpa and cpb, respectively. The PCR amplification of cpa and cpb products with gene specific primers allows the identification of C. perfringens, Type C, and its discrimination from Type A (15, 16) .
Our patient developed abdominal pain and diarrhea 15 hours after eating a meal containing turkey sausage and died 60 hours after the onset of symptoms with Gram-positive, club-shaped bacilli on the surface of a necrotic jejunum. The large number of organisms found suggests that the organism is the etiology of the necrosis rather than a secondary invader of ischemic necrotic tissues. The demonstration of the PCR products of the cpa and cpb genes positively identified the etiologic agent to be C. perfringens, Type C. Although an attempt to culture the organism from the turkey sausage was unsuccessful, it remains the most likely source of the organism. C. perfringens, Type C, has been reported in samples obtained from domestic animals from Indiana, Michigan, and Minnesota (16) . Other family members who had eaten the sausage suffered a self-limited gastrointestinal illness.
An experimental model of enteritis necroticans was developed in guinea pigs by injecting viable cultures of C. perfringens, Type C, into the jejunum (18) . The lesions could not be produced in the animals when the cultures were given orally or instilled into the stomach because of destruction of the C. perfringens, Type C ␤ toxin by gastric acid and pepsin and pancreatin (18) . However, when cultures were instilled into the stomach with naturally occurring protease inhibitors in sweet potato or soybean flour or if the animals were given lowprotein diets, necrotic lesions developed in the jejunum. Also, children of New Guinea who developed enteritis necroticans had a higher rate of Ascaris lumbricoides infection of the gut than the general population. A potent trypsin inhibitor, secreted by the parasite to prevent its own digestion, prevents degradation of the clostridial toxins (8) . These experiments and the virtual limitation of the disease to protein-malnourished populations, with or without parasitic infection of the gut, suggest that in addition to ingestion of contaminated foods, the pathogenesis of enteritis necroticans requires endogenous and exogenous trypsin inhibitors or a lack of protease secretion in the gut.
Since 1984, two cases of C. perfringens, Type C enteritis necroticans have been reported in the United States, two in England, and one in Australia (Table 1: [11] [12] [13] [14] [15] . Three of these five patients had Type 1 or Type 2 diabetes mellitus (11) (12) (13) 15) . One of the nondiabetics was a vegetarian who consumed large amounts of sweet potatoes, soybeans, and peanut sauce, all of which contain trypsin inhibitors that were thought to have predisposed the patient to the disease (14) . Two additional diabetic patients in the United States have been reported who developed small-intestinal necrosis (19, 20) . It was postulated that the intestinal injury was the result of ischemia secondary to venous thrombosis caused by changes in the viscosity of the blood or sympathetic overactivity. Clostridial infection was not investigated as a causative factor in these cases, but the clinical and pathologic findings were remarkably similar to C. perfringens, Type C enteritis necroticans.
The exposure to the infectious agent is likely to be fairly common, and yet even among diabetics, enteritis necroticans is extraordinarily rare. The metabolic condition of the previously reported child with poorly controlled Type 1 diabetes might be reflective of a state of malnutrition (15) , but this cannot be said of the patient in our case, whose glucose was thought to be adequately controlled. A well-recognized complication of diabetes is reduced gastric and small intestinal motility, caused by autonomic dysfunction in which there is a delay in small-intestinal transit time (21) (22) (23) (24) . This reduced gastrointestinal motility is associated with overgrowth of bacteria that are normally present in the proximal small bowel (22) . Our patient had also self-administered the antidiarrheal agent Imodium (loperamide), which inhibits gastrointestinal peristaltic activity and potentially contributed to clostridial overgrowth and an accumulation of toxin in the gut. Also, diabetics may have impaired ability to degrade exogenous toxins because of decreased secretion of pancreatic protease. A significant decrease in pancreatic enzymes and bicarbonate secretions was noted in 10 patients with Type 2 diabetes after maximal stimulation with secretin and cholecystokinin instilled into the jejunum (24) . These patients had diabetes for an average of 13 years. It was postulated that these functional abnormalities were caused by atrophy of the pancreatic acini or by diabetic microangiopathy (25) . The gross and microscopic examination of the pancreas in our patient did not show any significant pancreatic acinar atrophy but did show a severe diabetic microangiopathy.
The clustering of diabetes among these cases indicates a susceptibility to enteritis necroticans that is not present in the general population or among other chronically ill individuals. This emphasizes a need for diabetics to be cautious about eating or preparing foods that may harbor C. perfringens, Type C. Because successful treatment can be initiated after the onset of symptoms, enteritis necroticans should be considered in the differential diagnosis of the chronically ill and particularly in diabetics presenting with bloody diarrhea or an acute abdomen. 
